INTRODUCTION

28
The current status of wave energy is similar to that of wind energy in the early 80's. With a vast 29 resource and a very active R&D community, wave energy is expected to become a major renewable in 
37
The scientific hypothesis of this work is that this reduction in wave energy can be used for coastal 38 erosion management, in particular in the case of a beach-dune system. To test the hypothesis, a case 
45
The Xago beach-dune system constitutes an ideal case study, for it has experienced significant erosion 46 in recent years. This is revealed particularly by the dune toe, which receded up to 11.5 m over a 
104
Deepwater wave data from the nearby Avilés offshore wave buoy and hindcast wave data with a 105 three-hourly frequency, along with tidal data from the port of Gijon (20 km away) with an hourly 106 frequency, were used to force the wave propagation and coastal processes models.
107
As regards wind conditions, in the twelve-month validation period the highest probability of 
123
For the purposes of the modelling in the present research work, the area selected for the wave farm 
142
The computational grid extended some 1.7 km alongshore and 2 km offshore, from the dune system to 143 water depths of approximately 20 m, with a resolution of 7.5 × 5 m. Spectral wave parameters (wave 144 height, period, direction and spreading) from the SWAN runs were used to prescribe the offshore 145 boundary conditions.
146
Regarding coastal morphodynamics, the beach may be divided into three main sections: (i) the west 147 section, which experiences significant storm-induced erosion; (ii) the middle section, characterised by 148 some erosion on the dune front and deposition in the intertidal area of materials eroded in the west 149 section; and (iii) the east section, subject to intense erosion of the foredune (Flor-Blanco et al., 2013).
150
It is also noteworthy how the evolution of the foredune front has changed over the last years relative 
156
The response of the Xago beach-dune system to storm conditions was compared in two scenarios, 157 with and without the wave farm, in order to establish the effects of the wave farm on the system and,
158
on these grounds, test the scientific hypothesis of this work.
160
COASTAL INDICATORS
161
Coastal indicators were used to quantify the effects of the wave farm on the beach-dune system, as 162 follows. The effects on the nearshore wave conditions were analysed through Reduction in Significant 163 wave Height (RSH) (Abanades et al., 2015) , a dimensionless indicator defined as 
171
The BLI indicator, with SI units of m, represents the difference in seabed level at a point of the beach 172 between the two scenarios, with and without the farm: 192 Finally, the NER indicator is also a profile function, in this case non-dimensional, defined as
194 It expresses the variation in the eroded area of a generic profile (x) caused by the wave farm as a percentage of the total area eroded between the initial condition (typically, a point in time before the (Table 1) .
204
The effects of the wave farm on beach morphodynamics were analysed by comparing the response of 
213
The effects of the wave farm on wave heights were substantial directly behind the wave farm ( Figure   214 9), with a reduction in significant wave height (RSH) of over 50%. This reduction decreased towards 215 the coastline due to the energy diffracted from both sides of the farm into its wake; importantly, 216 however, it was still significant near the coastline, with RSH values exceeding 15% along the 10 m 217 contour. The farm was not directly in front of the beach but somewhat to the east (Figure 9 ), which 218 reduced its impact on the conditions in the western part of the beach. This is apparent in the 219 significant wave height values along the 20 m contour (Figure 10 ) and the resulting RSH values 220 ( Figure 11 ). (The 20 m contour itself is depicted in Figure 6 ). Strictly speaking, RSH was non-zero 221 over a 3500 m stretch alongshore. More importantly, however, relevant RSH values (above 30%) 222 extended over some 1300 m alongshore -and this, it may be argued, is the alongshore extent of the 223 wave farm wake for practical purposes. Owing to the position of the farm to the east of the beach, the 224 wake extends some distance east of the beach (Figure 11 ). The maximum RSH values within the wake 225 were a hefty ~50%.
226
As regards beach morphodynamics, in the baseline scenario (without the wave farm) the storm 227 produced acute erosion in the subaerial beach, in particular in front of the dune in the eastern part of 
234
For the analysis of the effects of the wave farm, the coastal indicators defined in Section 2.4 were 235 applied. Based on the BLI values after the storm ( Figure 13 ) three main areas can be distinguished: the 236 dune front along the entire beach, the low-tide terrace in the east section, and the low-tide terrace in 237 the west and mid-section of the beach. BLI values are positive in the first two areas, negative in the 238 latter. Considering also the results shown in Figure 12 , these values indicate that the wave farm 239 reduced storm-induced erosion in the dune front and the east section of the low-tide terrace, and 240 reduced storm-induced accretion in the west and mid-sections of the low-tide terrace.
241
The greatest BLI values (over 2 m) were found in the first area, the dune front, and especially in the 242 east section of the beach, which experienced the greatest erosion in the absence of wave farm ( Figure   243 12). In the west and middle sections BLI values were also significant, between 1-1.5 m. In sum, the 244 wave farm contributed significantly to mitigate storm-induced erosion on the dune front.
245
In the second area, the low-tide terrace in the east section of the beach, the maximum BLI values were smaller than those on the dune front but nevertheless relevant -with storm-induced erosion 247 decreasing by up to 1 m over a large area. Thus, in the east section of the beach, both on the dune 248 front and the low-tide terrace, erosion is significantly mitigated, which can be explained by the fact 249 that this area is directly in the lee of the wave farm, with consequential reductions in significant wave 250 heights (RSH values of ~50%, Figure 11 ).
251
Finally, in the third area, the west and middle sections of the low-tide terrace, negative BLI values 252 occur. The sediment eroded from other areas is deposited in part here, so the storm actually results in 253 accretion in this area (Figure 12 ). In this context, the negative values of BLI indicate that the wave 254 farm reduces accretion.
255
In sum, the wave farm, by reducing the amount of wave energy that reaches the beach during the 256 storm, dampens the morphodynamics of the system: it reduces both erosion (in the first and second 257 areas) and accretion (in the third area).
258
The wave farm was most effective at countering erosion on the dune front. This is no mean feat given 259 that it was precisely the dune front that experienced the greatest erosion in the baseline scenario. 
278
These results indicate that a wave farm off Xago Beach would have contributed to mitigating the dune 279 erosion over the last decade at the very least during the storm events (short-term analysis). Although 280 further analysis in the long-term would undoubtedly be useful -possibly using behavioural models 281 rather than process-based models -the present results can be of particular relevance in cases with 282 assets (promenades, buildings, roads, railways, etc.) close to the beach and at risk from storm-induced 283 scour at the toe of their foundations, for they indicate that a wave farm deployed off the affected 284 section of coast would contribute to preventing storm-induced toe scour, which may lead to structural 285 failure.
286
However, the effects of wave farms on the coast do not lend themselves to general statements, for 287 they will depend on the characteristics of the area in question (wave energy resource, wave climate 288 and grain size distribution, among others), of the WECs and their layout. In this sense, ad hoc studies 289 are necessary for determining the viability of such projects in an area, considering not only the 290 effectiveness of the wave farm in mitigating coastal erosion but also any other effects. In certain 291 cases, these may be negative, e.g. in an coastal area popular with surfers. The reduction in wave 292 power and, consequently, wave height near shore might have a negative impact on the tourism and the 293 economy of the area; in the latter the deployment of the WECs could affect the fisherman's activity 294 and the lower resource could reduce the nutrient flow. On the other hand, in beaches like Xago, that 295 are experiencing a drastic reduction of the sand volume, the installation of a wave farm can contribute 296 for the production of renewable energy and mitigate coastal protection.
298
CONCLUSIONS
299
This work posited the hypothesis that wave farms can serve for a dual purpose, production of carbon-300 free energy and coastal erosion management, and tested this hypothesis through a case study: the 301 Xago beach-dune system in N Spain -a beach backed by a dune field which has experienced 302 substantial erosion in recent years, and is located in the area proposed for the deployment of the first 303 wave farm in Spain.
304
To establish the effectiveness of the wave farm in mitigating storm-induced erosion, a series of 305 coastal indicators were applied to the results of two numerical models -a coastal processes model, 
